It is easy to assemble and program an automated gamma-ray data acquisition system consisting of an IBM PC/XT computer and several computer-controllable modules. Our system features pattern recognition to determine the energy calibration, automatic gain setting, automatic efficiency calibration, detector-positioner control, and source-changer control in addition to the more _ conventional operations.
Introduction
Traditionally, gamma-ray data acquisition systems have been based on hardwired multichannel analyzers. A few allowed some programming for data analysis, often in a language that was limited in capability or difficult to use. Interfaces for control of external equipment had to be custom built. A few users resorted to CAMAC, which is the rather complicated system used in high-energy physics. Thus, users were discouraged from automating their systems and only used what the analyzer vendors provided. The situation is more favorable now because many systems are IBM PC/XT computer and electronics. 77 moreover, some vendors are beginning to offer instrumenan ADC with buffer memory, a computertation with standard NIM/GPIB (IEEE-488) or RS-232-C amplifier, a spectrum stabilizer, a pulser, interfaces. This paper describes a gamma-ray data controllable counter/timer, and a comput acquisition system based on a personal computer and several general purpose interface/controller. An computer-controllable modules.
and a modem are on top of the NIM bin. behind the keyboard
Equipment
All the equipment in the system (Figs. 1 876 ports are needed. When power is supplied, the input port is connected to the internal microprocessor. Transmitting the number of an output port, such as "2," will connect the input port to the output and make the switch transparent to the data. Sending a special sequence such as "escape, escape, X" will reconnect the input port to the microprocessor. Then another output port can be selected. A potential problem in this design is the possible presence of the special sequence in the data, but so far this has not occurred. Electronics switches with two separate input ports, one for control and one for data, avoid this potential problem.
Languages
T'he languages BASIC, FORTRAN, and PASCAL are used in our system. BASIC is convenient for the computercontrolled modules because it was assumed for most of the examples and instructions supplied by the vendors. FORTRAN is most familiar to us. PASCAL was the language used for some of the software we purchased and modified.
Automatic Eneregy Calibration
The system is easily calibrated when the source changer can be used to position sources with simple spectra in front of the detector, and the energy calibration is known to be approximately linear with channel niumber. The system first inserts a 137Cs source that has a 662-keV line ( Fig. 3 ) atnd searches for a strong peak using a modification of the method developed by Mariscotti. If it does not find one, it assumes that the line is off scale and tries 203Hg (279 keV) and then 241 Am (60 keV). If a strong peak can not be located with any of these sources, an error message is printed. example, when spectra are acquired in the field and transferred to the IBM PC/XT for analysis. Suppose that the uncalibrated spectrum is from an environmental sample (Fig.  4) . The system assumes that the highest energy gamma-ray line is the 2615-keV line from 208Tl, but it might be off scale if the gain is too high. First the system performs a modified Mariscotti peak search. U IJnder the hypothesis that the highest energy peak found on scale is the 2615--keV line, the system looks for background lines at 609 keV (214Bi), 911 keV (228Ac), 1461 keV (40K), and 1765 keV (214Bi). If at least three are found, it calculates the centroids and performs a linear least--squares fit to determine an energy calibration. If x2 is acceptable, it tries to verify this calibration by locating other background peaks and performing a least--squares fit of a quadratic function to determine a final energy calibration. If x2 is not acceptable or other background peaks can not be located, the highest energy peak is again assumed to be the 2615-keV peak, and other possibilities for the lower energy peaks are tried. If this fails, the system assumes that the highest energy peak is not the 2615--keV peak.
T'he system next tries to estimate the energy of the highest energy peak by calculating the fractional resolution (FWHM/centroid where FWHM is the full width at half maximum) of the highest energy peak. Since the fractional resolution is a monotonically decreasing function of energy (Fig. 5) , the calculated fractional resolution corresponds to a gamma-ray energy. If the identity of the detector is known, the function is known; if not, the system assumes that the detector is of average quality and uses an appropriate function. Once the gamma--ray energy is known, the system tries to identify strong backgroumd lines In the example above, the system searches for background lines. Since much of our work involves uranium and plutonium, the system is programmed to also search for characteristic lines from these materials. Probability distribution of high-purity germanium detector resolutions determined from data on many detectors.
The performance is what one expects. Ihe systetn works quite well when the source changer is used to put in sources with simple spectra. The more general search is limited by the performance of the peak search algorithm and time constraints. If the calibration peaks domiate the spectrum, the system performs well. If the calibration peaks are weak, and t.here are many other peaks in the spectrum, the system performance is marginal. The system can not equal the petrformance of a spectroscopist who uses additional information such as the positions of Compton edges and the overall shape of the pulse-height distribution.
Automatic Gain Settg
Since the amplifier gain can be controlled by the computer and the energy calibration can be determined automatically, the system can set any desired energy range. For example, suppose the required range is 0 to 3 MeV. The system uses the 137Cs source to roughly set the gain. (Fig. 7) agree to within the statistical uncertainties with those determined manually.
Detector Positioner
Becauise much of our work involves measuring the response functions and efficiencies at various sourceto-detector distances,2'3 we need an automatic detector positioner. Our present design (Fig. 2) 
Conclusions
Our system has sophist.icated capabilities even though it was relatively easy to assemble and program. Other experimenters can easily copy and extend our methods.
